Since 2006, chikungunya (CHIK) virus infection has been re-emerging in explosive epidemic forms in Indian Ocean islands and in India[@ref1][@ref2], and is rapidly spreading to new regions including Central Africa and Europe[@ref3]. Chikungunya fever is becoming a public health problem[@ref4]. The causative agent is an alphavirus belonging to the family Togaviridae[@ref5]. During the epidemics, a variety of complications and mortality were recorded in both the Reunion islands[@ref6] as well as in India[@ref7]. An estimated 1.38 million people from 11 States in India were severely affected by chikungunya infection by the end of 2006[@ref8]. Mavlankar *et al*[@ref8][@ref9] estimated deaths in India based on mortality experience from Réunion Island using conservative and full estimates. During September to October 2006, it was observed that patients at Ahmedabad, Gujarat, experienced clinical complications of chikungunya infection requiring hospitalizations[@ref7]. These included mostly the severe neurological syndrome including encephalitis in some cases among adults and elderly and non-neurological other systemic involvement presenting clinically as multi-organ dysfunction syndrome or multi-organ failure[@ref7]. These atypical clinical presentations could be attributed to the host factors and/or critical mutations in the viral genome. In classical chikungunya infection, the dynamics and role of both humoral as well as T cell immune responses have not been studied in detail. In a study from the Gabonese outbreak of 2007, Wauquier *et al*[@ref4] have shown the involvement of innate immunity with the production of numerous pro-inflammatory mediators in the plasma of acute patients. Similarly, in a study involving patients with acute chikungunya infection, Chow *et al*[@ref10] have reported specific patterns of plasma pro-inflammatory cytokines to be associated with disease severity. Muthumani *et al*[@ref11] have reported the utility of recombinant E1 and E2 proteins in mice as candidate vaccine against chikungunya virus infection. Subsequently, the same group reported the immunogenicity of the envelope protein in non-human primates[@ref12]. CHIKV envelope-specific T cell responses as well as neutralization antibody responses have been observed in the immunized non-human primates[@ref12]. These reports have suggested the possibility of an envelope based vaccine against chikungunya disease. Single linear epitope located at the N-terminus of the E2 glycoprotein was reported to be neutralizing and subsequent mice data provided a pre-clinical basis for the design of an effective vaccine against chikungunya[@ref13]. This study was carried out to assess the cytokine profile and lymphocyte-proliferative responses directed against recombinant E1 and E2 proteins in individuals with different clinical presentations and unusually severe clinical course of chikungunya infection.

Material & Methods {#sec1-1}
==================

This study was conducted in Ahmedabad, the capital of Gujarat State, India, between September and October 2006. The clinicians observed severe complications of chikungunya infection involving one/more organs in patients admitted to various hospitals in Ahmedabad. Following this information, a team from the National Institute of Virology, Pune, was stationed in Ahmedabad for one month. During this period, 46 individuals admitted in eight tertiary care hospitals (Sterling hospital, Sardar Patel hospital, VS General hospital, Civil General hospital, SCL hospital, Jivraj Mehta hospital, Medisurge hospital, Sushmsha hospital) were investigated. An acute case of chikungunya infection was defined clinically as the hospitalized patient presenting with acute onset of fever and arthralgia recently within 30 days of investigation and found negative for the known causes like malaria, leptospirosis and dengue. Further, a confirmed case of chikungunya was defined as the patient who was found positive for anti-CHIK IgM or RNA in body fluids either in serum or cerebrospinal fluid (CSF). The patients presenting with neurological manifestations indicating encephalopathy manifestations, with or without other systemic manifestations and with the serum or CSF positivity for either anti-CHIK IgM/chikungunya RNA/virus isolation were considered to have suffered from chikungunya encephalitis. The patients with other (non-neurological) systemic involvements (OSI) presented with hepatic, renal, cardiac, respiratory, haemorrhagic or metabolic/electrolytic dysfunction syndromes or any combinations. Classical chikungunya infection was diagnosed in absence of any of the systemic involvements. The current patient population is a small subset of the chikungunya epidemic investigation[@ref7]. This exploratory study to assess the involvement of host factors was done in parallel in the Civil General hospital itself to identify factors of severity of chikungunya infection.

Based on the clinical manifestations, patients were grouped into three categories: neurological (mostly encephalitis) cases, patients with other (non-neurological) systemic involvements, OSI and classical fever cases with arthralgia. Repeat blood samples were collected from five encephalitis cases, five other systemic involvement cases and one classical chikungunya case. The patient care and/or diagnostics were similar in the eight hospitals. Due to logistical problems the blood samples drawn in most of the patients were less. Hence, the subjects assessed for lymphocyte proliferation assay and cytokine assay were not necessarily the same. The control group consisted of age and sex matched six apparently healthy individuals negative for IgM/IgG anti-chikungunya antibodies and were from the same hospital. Around 5-6 ml of blood sample was drawn from each patient. This study protocol was approved by the Ethics Committee of the National Institute of Virology (NIV), Pune, and informed written consents were obtained from both patients and controls.

*Serology & molecular testing:* Blood samples were collected in K3-EDTA and plasma was separated within four hours of collection. All the samples were screened for the presence of IgM anti-chikungunya antibodies by the in-house monoclonal antibody based IgM capture ELISA[@ref14]. Presence of chikungunya virus RNA was carried out by PCR using the primers from the non-structural region according to the previously described protocol[@ref2].

*Recombinant E1 & E2 antigens[@ref15]:* Structural proteins of chikungunya virus (E1and E2) were cloned and expressed in a bacterial system[@ref15]. Complete E2 and E1 regions from chikungunya virus isolate (AP 061573) were amplified with primers containing restriction sites and were cloned in pET15b vector (Invitrogen, Life Technologies, Carlsbad, USA). The E1 and E2 clones were sequence confirmed using gene specific and T7 promoter specific primers. The start and stop codons were noted at correct positions and no mutations were observed. Recombinant pET15b plasmids were transformed in *Escherichia coli* BL21 RIL cells (Promega, WI, USA). The cells were induced at 37°C for two hours with 1mM isopropyl β-D-1-thiogalactopyranoside (IPTG). The expressed E2 and E1 proteins were purified using probond purification resin (Invitrogen, Life Technologies, Carlsbad, USA) with the hybrid purification protocol performed according to the manufacturer\'s instructions. The purity of the proteins was more than 90 per cent as assessed by SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel electrophoresis).

*Preparation of peripheral blood mononuclear cells (PBMCs):* Peripheral blood mononuclear cells (*PBMCs*) were isolated from fresh blood collected in K3-EDTA by Ficoll-Hypaque density gradient centrifugation. Cells were re-suspended in RPMI 1640 medium (Invitrogen, Carlsbad, USA) supplemented with 2 mmol/l L-glutamine, 1 mmol/l sodium pyruvate and 20 μg/ml of gentamycin.

*Lymphocyte proliferation assay (LPA):* LPA in the PBMCs of 22 encephalitis cases, 12 OSI cases, 12 classical chikungunya cases and six apparently healthy controls was carried out as previously described[@ref16]. Briefly, PBMCs were cultured in quadruplicate (1x10^5^ cells/well) in 96-well flat-bottom microtiter plates (Nunc, New York, USA) at 37°C with 5 per cent CO~2.~ Cells cultured with media/phytohemmaglutinin (PHA) (5 μg/ml) (Sigma, USA) alone served as controls. Optimum dose of rE1p and rE2p was titrated to be 18 μg/ml. The cells were pulsed with tritiated thymidine (BARC, Mumbai, India). After 24 h, the DNA incorporated radioactivity was measured by using a liquid scintillation counter (LKB/Pharmacia, Uppasala, Sweden). Activity for each sample was expressed as stimulation index (SI), calculated as the ratio between mean counts per minute (cpm) obtained in the presence and absence of rE1p and rE2p. Samples showing SI values \> 3 were considered positive[@ref16]. For representative number of samples, assays were carried out with CD4 depletion using magnetic beads (BD Biosciences, San Diego, CA, USA).

*Cytokine assay and estimation:* Cytokine assay was carried out in 11 encephalitis cases, nine OSI cases, four classical chikungunya cases and in six healthy controls as previously described[@ref17]. Briefly, PBMCs of the patients and the control individuals were washed and re-suspended in RPMI 1640 supplemented with 10 per cent heat-inactivated foetal calf serum (Invitrogen Carlsbad, USA). PBMCs at a concentration of 1x10^6^ cells/ml were set up in 6-well plate (Nunc, Denmark). Cells were stimulated with rE2p protein. Optimum dose and optimum time for rE2p were standardized to be 18 μg/ml and 72 h, respectively. The cells were incubated at 37°C with 5 per cent CO~2~. The cytokine levels were measured in duplicate from the culture supernatants. Human Th1/Th2 CBA Cytokine Kit (Cytometric Bead Array, Becton-Dickinson, San Jose, CA, USA) having six analytes, *i.e.* interferon (IFN)-γ, tumour necrosis factor (TNF)-α, interleukin (IL)-10, IL-5, IL-2 and IL-4 was used for the estimation of cytokines from culture supernatants using flow cytometer (BD Facs Calibur system, Becton, Dickinson, Singapore). The individual standard curve range for a given cytokine defines the minimum and maximum quantifiable level using the BD CBA Human Th1/Th2 Cytokine Kit (*i.e.* 20 and 5000 pg/ml). For assessment of specificity, the antibody pairs used in the assay were screened with their specific cytokines. Analysis of samples containing only a single recombinant cytokine protein found no cross-reactivity or background detection of cytokine in other Capture Bead populations using this assay. Data were analyzed using Cell Quest Pro software (Becton Dickinson, Singapore). Assays with rE1 protein were not done in most samples due to insufficient number of PBMCs.

*Statistical analysis:* As distribution of cytokine levels was not normal, the inter- and intra-group comparisons were done by Mann-Whitney test using SPSS11.0 software (SPSS Inc., Chicago, IL, USA). For all analyses, *P*\<0.05 derived from a two-tailed test was considered to be significant.

Results {#sec1-2}
=======

[Table I](#T1){ref-type="table"} depicts demographic features, medical details and serological/molecular diagnostic marker status of the three categories of the patients investigated. Blood samples were collected from the patients at the time of admission, *i.e.* 1-30 days post onset of illness (POD). It was 3-30 PODs for encephalitis cases, 4-30 PODs for OSI cases and 1-30 PODs for the classical CHIK cases. Among the underlying medical conditions, type II diabetes and hypertension were the most prevalent co-morbid conditions (15.2% in both). Male to female ratio was 31:15. Mean age was 56±18.3 yr. Mean age of the encephalitis cases was 61 yr (range: 8 to 85 yr), of other systemic involvement cases was 68 yr (range: 44 to 87 yr), whereas that of classical fever cases was 46.6 yr (range: 36 to 75 yr). Seventeen of 46 cases had underlying medical conditions; seven of them had more than two underlying medical conditions. Ten of the 22 encephalitis cases, five of 12 other systemic involvement cases and two of 12 classical fever cases had underlying medical conditions. Twenty one out of 22 encephalitis cases were positive for IgM anti-chikungunya antibodies, the remaining patient was positive for chikungunya RNA alone. One patient positive for anti-CHIK IgM was also positive for chikungunya RNA. Of the 12 OSI cases, 11 were positive for anti-CHIK IgM while the remaining one was positive for CHIK RNA and negative for anti-CHIK IgM. Seven of 12 classical chikungunya cases were positive for anti-CHIK IgM while the remaining five chikungunya RNA positive alone. Five of 22 encephalitis cases and one of 12 OSI cases died. No mortality was recorded in classical chikungunya cases. Among the fatal cases, three had underlying medical conditions ([Table I](#T1){ref-type="table"}).

###### 

Demographic features, clinical status, serological and molecular profiles of patients (n=46) with chikungunya infection
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*Lymphocyte proliferative responses to rE1 and rE2 proteins:* The lymphocytes of 0/11 and 6/21 (0 and 28.5%) encephalitis cases, 1/6 and 4/12 (6.6 and 33.3%) OSI cases and 3/10 and 6/12 (30 and 50%) classical chikungunya cases could recognize rE1p and rE2p, respectively. Five of the six classical fever cases responding to rE2p were not having any underlying medical condition at the time of chikungunya infection. Among the responders, repeat samples were available for three encephalitis cases and all of them responded to the antigen, rE2p ([Table II](#T2){ref-type="table"}). None and one of four fatal encephalitis cases had proliferative response against rE1p and rE2p, respectively. The single death case from OSI group was a non-responder to both the antigens. None of the six control individuals responded to rE1p and rE2p.

###### 

Lymphoproliferative response to rE2 protein in sequential chikungunya encephalitis patients
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Due to insufficient number of PBMCs, rE1p induced cytokine assays were carried in very few samples. Hence the results of only rE2p induced cytokines were considered. The levels of IL-4 and IL-5 in all the patient categories were significantly elevated compared to the controls but comparable among patient categories. The levels of TNF-α were comparable in all the patient categories compared with the controls except in classical infection (*P*=0.02; [Table III](#T3){ref-type="table"}). The differences in the levels of Th1 cytokine IL-2 and anti-inflammatory cytokine IL-10 in the encephalitis patients, OSI, classical cases were insignificant in comparison to the control group as also among all the three patient categories. The level of IFN-γ was significantly (*P*\<0.05) lower in encephalitis group compared to the control group and was significantly lower among the patient categories (*P*\<0.05).

###### 

Cytokine levels in culture supernatants of peripheral blood (PBMCs) stimulated with chikungunya virus rE2p in different categories of chikungunya patients and controls
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Based on the post onset days of illness, all the patients were categorized into two groups: 1-14 days, acute infection, and ≥ 15 days convalescence/recovering and their cytokine levels were compared using Mann-Whitney test. There was no difference in cytokine levels in these two groups.

Discussion {#sec1-3}
==========

On receiving information about the hospitalization of patients with primary chikungunya virus infection with a variety of complications, a team from NIV, Pune visited Ahmedabad to assess the involvement of chikungunya virus envelope specific T cell response/ cytokine profiles with the differential clinical presentations in patients. Similar to a report by Simon *et al*[@ref18] fever with painful arthralgia was present in all our patients. Except for one patient, the five fatal cases were elderly (60-84 yr) and three of them had underlying illness supporting by the findings of Borgherini *et al*[@ref19]. Chikungunya probably played an indirect triggering role in these fatalities[@ref19].

Since the PODs and age were not significantly different among the three categories of patients, the differences in cytokine levels were not related to collection of samples at different time points/ age related factors. Hence, it was assumed that the variations in cytokine profiles could largely be attributed to acute chikungunya infection. In the absence of lymphoprolifarative response against rE1p in the encephalitis and other systemic involvement patients, it is difficult to comment on the association of the same with disease severity. Uniform lymphoprolifarative responses against rE2p in a uniform manner suggested the recognition of T cell epitopes on the envelope region of chikungunya virus by all the three categories of patients.

In a study by Ng *et al*[@ref20] the levels IL-4 were reported to be marginally increased in chikungunya fever group compared to those in the uninfected group. The upregulation of IL-4 in the first few days after symptom onset has been shown to be associated with the production of CHIKV-specific IgG[@ref3]. This supports our observation of elevation of IL-4 levels in all categories of patients suggesting the skewing of host immunity towards a Th2 profile. Chaaitanya *et al*[@ref21] showed an elevation of IL-5 levels in patients who suffered and recovered from chikungunya infection and suggested that IL-5 might have a function in bone homeostasis, although it is not clear whether this cytokine has a direct effect or if it is mediated through eosinophils or B cells[@ref21]. Ng *et al*[@ref20] also reported that the levels of IFN-α, IL-5, IL-6, IL-7, IL-10 and IL-15 were elevated in chikungunya infection. In a study on hospitalized patients from Reunion Island, Hoarau *et al*[@ref22] have reported a rapid innate immune antiviral response demonstrated by robust dendritic/NK/CD4/CD8 cell activation accompanied by a weak Th1/Th2 cytokine response. Low levels of TNF-α and IL-4 were reported in a few patients. This is surprising because these cytokines have been implicated in the development of joint pathologies, a common feature of chikungunya infection. Wauquier *et al*[@ref3] reported comparable levels of IL-5 and TNF-α among the patients and controls. The same group showed a significant increase in IFN-γ and IL-4 levels up to days 4 and 7, respectively suggesting the involvement of cellular responses in chikungunya infection[@ref3]. Low levels of TNF-α, IFN- γ and IL-5 were reported in the initial acute phase chikungunya patients of the Italian outbreak that significantly increased at 6 months and 12 months follow up[@ref23]. This suggests that production of these cytokines is a late event, and explains persistence of arthralgia after the virus disappearance from the circulation. Protective involvement of TNF-α and IFN- γ have been reported in neurotropic West Nile virus (WNV)[@ref24]. Shrestha *et al*[@ref24] have reported that TNF-α likely enhances the clearance of WNV infection by facilitating migration or accumulation of protective leukocytes in the CNS. Experiments carried out in mice model by the same group have suggested a protective role of TNF-α during WNV infection[@ref23]. TNF-α appears to function by regulating steps that lead to a decrease in viral burden and improvement in survival. Comparable levels of TNF-α in all categories of patients of the current study need further exploration. Alack of IFN-γ production has been shown to result in increased vulnerability to lethal neurotropic WNV infection in mice, with a rise in mortality and a decrease in the average survival time, suggesting that the dominant protective role of IFN-γ against WNV is antiviral in nature[@ref25]. Significantly lower levels of IFN-γ in the severe encephalitis patients of the current study go hand in hand with the above observation. Insignificant difference in the levels of IL-2 in patients with different PODs and different clinical manifestations was similar to a study by Kelvin *et al*[@ref23] who reported a lack of association of the same cytokine with acute or convalescence phase of the disease. No difference in the cytokine levels between the two groups of patients based on the PODs of illness in the current study suggests the need of an in depth study in more number of patients from each category. However, lower levels of IFN-γ in encephalitis group vs controls suggest lack of association of this pro-inflammatory cytokine with the severity in chikungunya infection.

Knowing the sudden explosive nature of chikungunya outbreaks in the absence of any vaccine and unpreparedness of the healthcare system to tackle the same, it will be of interest to confirm the findings of the current study in a larger and longitudinal study group. Since timely induction of these pro-inflammatory molecules might be crucial for preventing severe form of chikungunya infection; this study may have important implications towards treatment of chikungunya virus infection.
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